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CSF leakageAbstract Background: The rapid evolution of transsphenoidal endoscopic surgical intervention
and surgeries of skull base and sellar regions is accompanied by multiple complications.
Objective: To determine different types of extension of sphenoid sinus pneumatization detected by
CT andMRI and their impact upon different approaches and complications of sellar region surgeries.
Subjects and methods: The pre-operative CT andMRI images of 182 patients with surgical interven-
tion for peri-sellar region pathologies were retrospectively evaluated for patterns of sphenoid pneu-
matization. Post surgical complications were recorded and analyzed.
Results: The overall rate of complications was 88 affecting 62 patients (34%), and 120 patients
(66%) were free of complications. Different types of pneumatization were detected on CT and
MRI images, conchal in 3 cases (1.6%), presellar 23 cases (12.6%) and 156 cases (85.7%) showing
sellar pneumatization. Sellar pattern was reclassiﬁed into 6 types. Single inter sphenoid septum
was seen in 109 patients, accessory septum was found in 13 patients and 10 patients have multiple
sphenoid septation. 24 patients (13.2%) show absent septum.
Conclusion: Pre-intervention assessment of sphenoid sinus pneumatization is mandatory in
approaching the sella and skull base structures either via the nose or open skull base surgery to avoid
injury of the nearby structures and reduce the possibility of CSF leakage.
 2014 Production and hosting by Elsevier B.V. on behalf of Egyptian Society of Radiology and Nuclear
Medicine. Open access under CC BY-NC-ND license.
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The sphenoid sinus is located in the center of the cranial base
and attains its mature size by the age of 14 years (1). The sphe-
noid sinus may show varying degrees and directions of pneu-
matization, with its various extensions bringing it in close
relationship to the optic nerve, cavernous sinus, internal caro-
tid artery, frontal lobe, ventral surface of the brain stem, cra-
nial nerves III–VI and pituitary gland (2) some of these
structures may underlie and produce bony prominences and
related recesses inside the sinus (3,4). The division of sphenoid
sinus into 3 types; conchal, presellar and sellar based on the
extension of pneumatization around the sella turcica was pro-
posed by Hamberger (5). This classiﬁcation becomes basic to
trans-sphenoidal surgery focused on the sellar region for more
than 30 years (6). This classiﬁcation was widely adopted
because transsphenoidal surgery focused mainly on the sellar
region during that era (5). Elwany et al., (7) divided the sphe-
noid sinus into presellar and postsellar types using a vertical
line running through the tuberculum sella boundary. In recent
years, the transsphenoidal approach has been expanded from
the sellar region to all areas bordering the sphenoid sinus
including the planum sphenoidale, suprasellar region, cavern-
ous sinus, middle cranial fossa and the clivus (8–10). The wide-
spread use of the endoscope in transsphenoidal pituitary
surgery has recently contributed to the extension of the
approach beyond the tuberculum sella and planum sphenoi-
dale for the management of lesions located in the suprasellar
area, either with an endoscope-assisted or purely endoscopic
technique (11). Cerebrospinal ﬂuid (CSF) leakage represents
one of the most common post intervention complications.
Some studies show 6% rate of CSF leak after endoscopic,
endonasal resection of sellar tumors (2). Other handful publi-
cations show rates ranged from 0% to 69% (12–18). Other
complications, including hormonal dysfunction, permanent
and transient neurological deﬁcit and visual affection were
reported as well in different publications (19,15). Although
complications of sellar region surgeries especially trans-sept-
osphenoidal (TSS) pituitary surgery have been discussed in
the literature in depth and the assessment of the sphenoid sinus
pneumatization variability analyzed anatomically in cadavers
and radiologically by CT and MRI in details (2,7,6), there
was not an analysis of complications related particularly to
variability of sinus pneumatization in a large scale of patients
and correlating the anatomical data of normal sinus variability
with the nature and the incidence of those complications. This
study was conducted to evaluate different patterns and exten-
sion of sphenoid pneumatization and its impact upon different
post intervention complications and CSF leakage after sellar
procedures.2. Subjects and methods
This retrospective clinical and radiological study was done at
neurosurgery and radiology departments in Zagazig university
and Suez canal university hospitals – Egypt between July 2006
and January 2014, including 182 patients complaining of dif-
ferent sellar pathologies, the patients were subjected to differ-
ent transsphenoidal and skull base procedures and evaluated
for the incidence of postoperative complication. Patients were98 females and 84 males. Their ages ranged from 17 to
67 years. The mean age was 43.6 years.
2.1. Inclusion criteria
Patients of different perisellar pathologies having CT and MRI
images appropriate for radiological evaluation of extended
pneumatization of the sphenoid sinus. Exclusion criteria: his-
tory of previous sinus surgery, cranio-facial trauma, congenital
facial abnormality or any patient who had mass lesions
obscuring the pattern of sphenoid sinus pneumatization in
the available CT/MRI images.
The researchers reviewed the patients’ records, gathered
operative data and postoperative complications. All the exam-
ined cases had reconstructed CT and multiplanar MRI (axial,
coronal and sagittal) images for the sphenoid and perisellar
region evaluated for the sphenoid sinus pneumatization (differ-
ent patterns and degrees of extensions). CT scan was per-
formed utilizing a 64-slice CT scanner (Somatom Deﬁnition
AS, Siemens Medical, Forcheim, Germany) and Multiplanar
MRI studies were routinely done using a standard head coil
of a 1.5-T MRI scanner, (Philips Achieva 1.5 Tesla, Germany).
CT and MRI images were reviewed for the following anatomic
variations:
I – Degree of pneumatization: we adopted new classiﬁcation
by Wang et al., (2) for the sellar pattern of pneumatization into
6 divisions depending upon extent of sphenoid sinus pneuma-
tization into the surrounding bony structures; sphenoid body
type where the pneumatization does not extend beyond the
sphenoid bone, lateral type where the sinus extends lateral to
a line connecting the medial edge of the anterior opening of
vidian canal, which is located in the line of fusion between
the pterygoid process and the body of the sphenoid bone trans-
mitting the vidian nerve and vessels, and the extra cranial end
of foramen rotundum (VR line), the posterior type where the
posterior wall of sphenoid sinus extended beyond the vertical
coronal plane of the posterior wall of pituitary fossa, superior
type referred as lesser wing type (optico carotid or tuberculum
recesses) where the pneumatization extended into the lesser
wing and possibly into the anterior clinoid process. Anterior
type; the anterior wall of the sinus extended antrolaterally
beyond the vertical coronal plane of the sinus side of the
sphenoid crest, and combined type, more than one type of
extension appears in the same sinus. II – Septation: the
presence of or absence of single or multiple inter sphenoid
septation and their insertion in the ﬂoor of the sella, at the
optic canals or carotid canals in axial, coronal CT and
MRI images. III – Inter carotid distance: was measured
between the intra-cavernous ICA in mid sellar coronal MRI
images.
Data were analyzed using statistical program for social sci-
ence as follows: description of the quantitative variables as no
and %, Chi-square test was used to compare qualitative vari-
ables, Fisher exact probability test was used when the study
group was <5, Unpaired t-test was used to compare 2 inde-
pendent groups as regards quantitative variable. Correlation
coefﬁcient test (r-test) was used to rank different variables
against each other either positively or inversely, p value
>0.05 was considered insigniﬁcant, p value <0.05 was consid-
ered signiﬁcant while p value <0.01 was considered highly
signiﬁcant.
Table 2 Clinical presentations and indications of surgery
among 182 patients.
Indications of surgery Number Percentage (%)
Visual deﬁcit only 103 55.6
Endocrine deﬁcit only 42 23
Combined visual and endocrine deﬁcit 41 22.5
Others 27 14.8
Table 3 Different surgical approaches in 182 patients.
Approach Number Percentage (%)
Endoscopic transsphenoidal 14 7.7
Microscopic trans-sphenoidal 48 26.4
Endoscopic assisted trans-sphenoidal 29 15.9
Transcranial transsphenoidal 6 3.3
Subfrontal and extended subfrontal 53 29.1
Pterional 15 8.2
Others 17 9.3
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182 patients were presented with perisellar pathologies
(Table 1). Their sizes range from 12 to 68 mm, (mean size
28 mm) causing different clinical presentations and subjected
to different surgical approaches through the sphenoid sinus.
The perisellar pathologies included: 88 cases of pituitary ade-
noma, 33 cases (18.1%) of craniopharyngioma, 21 cases
(11.5%) of meningioma whereas tuberculum sellae meningi-
oma were 14 cases and plannum sphenoidale meningioma were
7 cases. Rathke’s cleft cyst were 5 cases (2.7%), 5 cases (2.7%)
of clival chordoma and 30 cases (16.4%) were other patholo-
gies including sphenoid sinus carcinoma, arachnoid cyst, der-
moid/epidermoid cyst, meningocele and optic nerve/chiasma
glioma. 68 cases (37.4%) were intra-arachnoid and 114
(62.6%) were extra-arachnoid pathologies. 36 cases (19.8%)
had a giant tumor (>5 cm). 28 cases out of 182 (15.4%) with
invasive pathology and parasellar extension involving cavern-
ous sinus, middle fossa invasion and skull base inﬁltration.
24 cases (13.1%) had supra-sellar extension.
The indications of surgery were visual deﬁcit in 103 cases
(55.6%), endocrine deﬁcit in 42 cases (23%), combined visual
and endocrine deﬁcit in 41 cases (22.5%), and other indica-
tions in 27 cases (14.8%) were headache, hyperphagia, poly-
dipsia, behavioral changes, short stature and fatigue (Table 2).
The different surgical approaches (Table 3) included: the
classic subfrontal and extended subfrontal in 53 cases
(29.1%), microscopic transsphenoidal in 48 cases (26.4%),
endoscopic assisted transsphenoidal in 29 cases (15.9%), endo-
scopic transsphenoidal in 14 cases (7.7%), transcranial trans-
sphenoidal in 6 cases (3.3%), pterional approach in 15 cases
(8.2%) and other approaches in 17 cases (9.3%). 109 out of
182 (60%) showed gross total resection in the postoperative
CT. 17 out of 182 (9.3%) had double or repeated sinus(s)
approach, 12 cases in the same session and 5 cases in two ses-
sions or more (recurrent cases). The overall rate of complica-
tions was 88 affecting 62 patients (34%), whereas 120
patients (66%) were completely free of any complications
and 14 patients (7.7%) had more than one complication. Com-
plications were classiﬁed into major affecting 65 cases (35.7%)
including 3 cases of mortalities, minor, affecting 14 cases (8%)
and other complications affecting 9 cases (4.9%) (Table 4).
34 cases (18.7%) were complicated by CSF leak, 20 cases
per nose (11%) and 14 cases (7.6%) through the craniotomy
wound. 7 cases had a giant tumor (>5 cm) complicated with
CSF leak. 6 recurrent surgeries had CSF leak 2 per nose and
4 per craniotomy wound.
Among the radiologically examined 182 cases, there were 3
cases (1.6%) showing conchal pneumatization, 23 cases
(12.6%) show presellar pneumatization and 156 casesTable 1 Peri-sellar pathologies among 182 patients.
Histology Number %
Pituitary adenoma 88 48
Craniopharyngioma 33 18.4
Meningioma 21 11.5
Rathke’s cleft cyst 5 2.7
Chordoma 5 2.7
Others 30 16.4(85.7%) show sellar pneumatization. The sellar pattern of
sphenoid sinus pneumatization was reclassiﬁed into 6 types
(Table 5).
Sphenoid body type was seen in 35 cases (22.4%). Posterior
wall and clival recesses were detected in 33 patients; 11 cases
were of dorsum type, 7 cases of subdorsum type, and 6 cases
were occipital typed. Combined dorsum-occipital type was
found in 9 cases. Lateral type of extension was found in 46
cases (29.5%). Lateral extension was found less frequently in
the posterior part than in the anterior part. The greater wing
type was found in (5.1%), pterygoid type, in 18% and full lat-
eral type represented 6.4% of all the cases. The maximum lat-
eral extension seen in these cases was found where the lateral
wall of the sinus extends as far laterally as 17 mm lateral to
foramen rotundum. There was a signiﬁcant difference between
the right and left sides in the lateral extension, whereas the left
lateral extension was more common than the Rt. one. The dif-
ference was highly signiﬁcant (p< 0.01). The lateral edge of
the sinus was positioned 2.2 mm medial to the medial edge
of foramen rotundum. On the left side, the lateral edge of
the sinus to the lateral edge of foramen rotundum ranged from
10 to 17 mm and on the Rt. side ranged from 9.1 to 15.3 mm.
Lesser wing type (superior wall, opticocarotid and tuberculum
recesses) was detected in 11 cases (7%) from all 156 patients
with sellar pneumatization. The average distance between the
medial edges of the optic nerves at their entry into the optic
canals was 16 mm in cases with anterior clinoid process pneu-
matization (ACP) compared to 15.7 mm in cases without ACP
pneumatization. The difference was not signiﬁcant (p> .05).
Anterior wall and anterior recess type; were found in 10
(6.4%) from the examined cases. The average extension of
the anterior recess in the anterior type of sinus was 9.7 mm
(range from 4 to 15.9 mm) beyond the sinus side of the crest.
The average width of the anterior recess at the level of the
sphenopalatine foramen, as measured on CT, was 7.4 mm
(ranges 5.3–10 mm). Combined type, whereas more than one
type of pneumatization was existing in the same case was
found in 21 cases (13.4%) from all the cases.
Table 4 The overall complications among 182 patients.
No. of
Patients
Percentage
(%)
Major complications
1. CSF leak 34 18.7
2. Postoperative hematoma 6 3.3
3. Anterior pituitary insuﬃciency 9 5
4. Permanent diabetes insipidus 3 1.6
5. Ventriculomegaly 3 1.6
6. Vision deterioration 2 1
7. Ophthalmoplegia 2 1
8. Carotid artery injury 1 0.5
9. Meningitis 2 1
9. Death 3 1.6
Minor complications
Postoperative and delayed epistaxis 3 1.6
Postoperative and delayed sinusitis 2 1
Septal injury 3 1.6
Abnormal wound healing 2 1
SIADH 1 0.5
Transient neurological deﬁcit, including D.I. 3 1.6
Other complications
DVT 3 1.6
Postoperative PE 2 1
Pneumonia 1 0.5
UTI complications 2 1
GIT complications 1 0.5
Table 5 Classiﬁcation of sellar type of sphenoid sinus
extended pneumatization.
Diﬀerent types of sphenoid sinus pneumatization
Type Number of
sinuses
Percentage
(%)
Sphenoid body type 35 22.4
Lateral type 46 29.5
Greater wing type 8 5.1
Pterygoid type 28 18
Both 10 6.4
Posterior type (clival recess) 33 21.1
Dorsum type 11 7
Subdorsum type 7 4
Occipital type 6 3.5
Combined dorsum occipital type 9 5.7
Lesser wing type (ACP-) 11 7
Anterior type 10 6.4
Combined type 21 13.4
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enoid septum was absent in 24 patients (13.2%). 109 patients
(70%) had single inter sphenoid septum. The insertion of the
septum was at the lowest point on the sellar ﬂoor in 96 patients
(61.5%). The septum directed toward the carotid canal in 19
patients (19.8%), 7 patients, (36.8%) to the Rt. Carotid canal
and 12 patients (63.2%), to the left one. Accessory septum was
found in 13 patients (8.3%). The insertion of the accessory sep-
tum in the sellar ﬂoor was visualized in 6 cases (46.1%). The
accessory septum directed toward the carotid canal in 7 cases
(53.9%), 2 cases, (28.6%) to the Rt. Carotid canal and 5 cases(71.4%), to the left one. The multiple sphenoid septation with
different orientations was seen in 10 cases (6.4%). Inter carotid
distance ranged from 11.2 to 28.8 mm. The mean distance was
22.6 mm.
4. Discussion
Trans-sphenoidal approach to sella and nearby skull base
structures is not a new approach. In the last 100 years, it has
undergone numerous changing reﬁnements from using head-
light to microscope and more recently the sensitive endoscope
(20). The division of sphenoid sinus into 3 types; conchal, pre-
sellar and sellar based on the extension of pneumatization
around the sella turcica proposed by Hamberger et al., (5)
was widely adopted because transsphenoidal surgery focused
mainly on the sellar region during that era. In recent years,
the transsphenoidal approach has been expanded from the sel-
lar region to all areas bordering the sphenoidal sinus including
the planum sphenoidale, suprasellar region, cavernous sinus,
middle cranial fossa and the clivus (6,10,9). In our study, we
adopted the new Wang et al’s., (2) classiﬁcation of sphenoid
sinus extended pneumatization into 6 types: sphenoid body
type, lateral, posterior, anterior, lesser wing and combined
types. This expanded classiﬁcation helps understanding the
current needs of different approaches to the peri-sellar region.
During our trans-sphenoidal approach, our learning curve
moved slowly from the microscopic approach in 49 cases
(27%) to endoscopic-assisted in 30 cases (16.4%) then entirely
endoscopic in 16 cases (8.8%). Several authors advised using
the endoscope-assisted microsurgical technique for extended
approaches whereby the endoscope is employed only as an
adjunct visualizing tool for obtaining extra visual information.
If an additional tumor is observed in lateral corners, they usu-
ally remove the endoscope, bring back the microscope, and
manage the remnant in a blind fashion because of the changed
scenario (11,21,5). In our series, the endoscopic-assisted proce-
dure was used as an intermediate step between the conven-
tional microscope and the full endoscopic procedure. The
endoscopic-assisted helped discover lateral remnant in 37.5%
from the cases that removed microscopically.
From 2006 to 2014, 182 cases had different surgical
approaches to sellar region. Among these cases post interven-
tion complications were recorded, whereas Iatrogenic CSF
leakage was reported in 34 (18.7%) of 182 cases, 20 cases
per nose (11%) and 14 cases (8%) through the craniotomy
wound. The rate of CSF leakage varies in different studies,
Locatellie et al. (22) showed that percentage of CSF leak after
the endonasal approach was higher than the transcranial sur-
gical approach. Leng et al., (18) found also that Critics of
the endonasal approach cite high rates of CSF leak as a major
disadvantage. Increased CSF leak rates can be explained by
the larger bone and dural openings of extended transsphenoi-
dal approaches compared with standard transsphenoidal
approaches. They added also that extended posterior pneuma-
tization of the sphenoid and that of the dorsum sella may
result in penetrating the posterior wall of the sphenoid, with
the resultant CSF leak. CSF leak may also result from breach
of the anterior cranial fossa when the speculum is directed ant-
erosuperiorly particularly if it is overstretched and if position-
ing of the patient was inadequate. In our study, we found that
the CSF leak was correlated with non-pituitary adenoma sellar
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Gardener et al., (14) reported a postoperative CSF leak rate of
69%, and varied by tumor location, pathology and not tumor
size. Leng et al., (18) found also that CSF rhinorrhea might be
attributed to excessive dissection at the nasal ﬂoor, widening
the osteo-dural opening and surgery beyond the sella conﬁnes
and those were in agreement with our ﬁndings.
In this study, CT and MRI images of all cases were retro-
spectively evaluated, CT with image reconstruction was con-
sidered the basic investigation for evaluation of extended
sphenoid sinus pneumatization through the surrounding
bones, whereas MRI was reliable in the evaluation of peri-
sphenoidal tumor extension/inﬁltration through the perisellar
region and this was in agreement with Osama et al., (26). In
our study, sellar type (85.7%) was the most frequent type of
pneumatization and this was the same ﬁnding in multiple pre-
vious studies (23,9). The conchal non-pneumatized sphenoid
was always considered to be a contraindication for trans-sphe-
noidal approach to the sella, (8) however, in the recent studies
it is mentioned that if the surgeon is informed in advance and
has intra-operative ﬂuoroscopic imaging and navigation
devices, the conchal non-pneumatized sphenoid approach
can be feasible and it should be conﬁned only to small and
intra sellar tumors though it is time consuming (24,23). How-
ever, conchal-type sinuses represent a relative contraindication
to the extended approach. In our study, the conchal type was
seen in 3 cases (1.6%) and presellar type in 23 cases (12.6%).
On the other hand, a highly pneumatized sphenoid sinus is
not an advantage at all times. It may distort the anatomic con-
ﬁguration and may attenuate the bone over the lateral wall,
placing the optic nerve and carotid artery at great risk (25).
The sella turcica is seen as a prominence in the roof in a well
pneumatized sphenoid sinus (sellar bulge) and this is consid-
ered the most important landmark to the sellar ﬂoor (1). In
the absence of sellar bulge, especially with hyper pneumatized
sinus, it is extremely important to determine the mid line when
opening the sella. One can follow the ﬂoor of the nasal septum
as an indication of the mid line or the remaining sphenoid wall
septum attachment superiorly (2) and that was our policy in
the examined cases.
In our study, from the cases that showed sellar pneumatiza-
tion, there was no inter sphenoid septum in 24 patients
(15.3%). A single inter sphenoid septum was seen in 109
patients (70%). The insertion of the septum was at the lowest
point in the sellar ﬂoor in 96 patients (61.5%). The septum
pointed toward the carotid canal in 19 patients (19.8%), 7
patients, (36.8%) to the Rt. Carotid canal and 12 patients
(63.2%), to the left one. Accessory septum was found in 13
patients (8.3%) The insertion of the accessory septum in the
sellar ﬂoor was visualized in 6 patients (46.1%). The accessory
septum pointed toward the carotid canal in 7 patients (53.9%),
2 patients, (28.6%) to the Rt. Carotid canal and 5 patients
(71.4%), to the left one. 10 patients (6.4%) have multiple sphe-
noid septation with different orientations. These ﬁndings were
of great importance for neurosurgeon as in our study the para
median septation represents 19.2% of all pneumatized sphe-
noid sinus cases and we found that pre-intervention image
guidance was of great help in avoiding many complications
and that was in agreement with Gardener et al., (16) who sta-
ted that the paramedian intra-sphenoidal septation should be
removed with caution, as they will inevitably lead to the caro-
tid canals. Inter carotid distance ranged from 11.2 to 28.8 mm.The mean inter carotid distance was 22.6 mm. These ﬁndings
were approximately in agreement with the results of other
previous studies (26,2).
The anterior wall of the most sphenoid sinuses is positioned
behind the nasal turbinate, ethmoidal air cells and sphenoid
crest which is the most anterior part of the sinus. An anterior
recess, which originates from the lateral portion of the anterior
wall of the sphenoid sinus, was identiﬁed as being present
when the recess extended anteriorly beyond a line directed
from side to side along the sinus side of the sphenoid crest
on the axial CT (2). In our study, the sphenoid sinus with ante-
rior recess referred to as an anterior type was found in 10 cases
(6.4%) from the 156 cases of sellar pneumatization. The aver-
age extension of the anterior recess in the anterior type of sinus
was 9.7 mm (range from 4 to 11.9 mm) beyond the sinus side of
the crest. The average width of the anterior recess at the level
of the sphenopalatine foramen, as measured on CT, was
7.4 mm (range 5.3–10 mm). In the anterior type of the sphe-
noid sinus, the anterior recess extends in the infrolateral direc-
tion above the sphenopalatine foramen which causes
narrowing of the recess. Arsalan H. et al., (27) clariﬁed the
importance of the pre intervention, diagnosis of the anterior
recess as the sphenopalatine foramen and artery are positioned
below the anterior recess. During transnasal ethmoidectomy,
the identiﬁcation of the sphenomaxillary plate is important
because the sphenoid sinus is easily mistaken for posterior eth-
moidal cells. The nasal speculum is mandatory in all types of
microscopic approaches, but its use creates a ‘‘ﬁxed tunnel’’
and an almost coaxial restriction of the micro instruments.
Spreading of the transsphenoidal retractor at the anterior wall
of the sphenoid sinus can carry some risks of optic nerve injury
(13,28). We reported 2 cases (1%) of vision deterioration in
this study, 1 of them had anterior recess pneumatization.
In this study 11 cases (7%) of sinus with lesser wing type
(superior wall and optico-carotid and tuberculum recesses type)
were seen from all 156 patients with sellar pneumatization. The
optico-carotid recess, situated at the junction of the base of the
optic strut with the body of the sphenoid bone, is bordered by
the optic nerve above, the carotid artery inferomedially, and the
occulomotor nerve in the upper part of the superior orbital ﬁs-
sure inferolaterally (12,15,2). In our study determination of
medial and lateral opticocarotid recess in this group of pneu-
matization was performed, the medial opticocarotid recess,
which is located on the sphenoid sinus side of the medial termi-
nation of the optic strut. This recess corresponds to the pneu-
matization of the medial clinoid process (7,31), entry at the
level of the medial opticocarotid recess allows for simultaneous
access to the carotid canal, optic canal, sella, frontal fossa, and
medial cavernous sinus. The lateral opticocarotid recess corre-
sponds to the lateral termination of the optic strut (29). The lat-
eral opticocarotid recess represents the pneumatization of the
optic strut, which may extend into the anterior clinoid and is
generally more prominent than the pneumatization of the mid-
dle clinoid (30). Sirikci et al., (25) found that there was a signif-
icant relationship between the anterior clinoid process (ACP)
pneumatization and the prominence overlying the optic nerve
in the sphenoid sinus and that was in agreement with our ﬁnd-
ings. In our study, the average distance between the medial
edges of the optic nerves at their entry into the optic canals
was 16 mm in cases with (ACP) pneumatization compared to
15.7 mm in cases without ACP pneumatization. The difference
was insigniﬁcant (p> 0.05). Wang et al. (2) found that the dif-
Fig. 1 Coronal CT shows multiple sphenoid septation with
extension of the pneumatization into the Lt. lesser wing and
partially into pterygoid processes.
Fig. 3 Axial CT shows absent sphenoid septum.
Fig. 4 Coronal CT shows the deviation of complete septum
toward the Rt. side with small, incomplete septum. Minimal Rt.
greater wing pneumatization is seen on the Rt. side (lateral type).
Fig. 5 Coronal CT shows the lesser wing type with pneumati-
zation extends into the left lesser wing.
Fig. 6 Coronal CT shows Rt. lateral type (pterygoid variety).
Fig. 2 Axial CT shows the deviation of the septum toward the
left carotid canal.
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Fig. 7 Coronal CT shows the full lateral extension type on the
Lt. side, pneumatization extends into the Lt. greater wing of
sphenoid and inferiorly into the Lt. pterygoid process. Note the
extension of the pneumatization into the Rt. lesser wing and
partially into the Rt. pterygoid processes.
Fig. 8 Coronal CT for the same case at different level shows the
full lateral extension type on the Lt. side, extension of the
pneumatization into the Rt. lesser wing and partially into the Rt.
pterygoid processes.
Fig. 9 Combined type, coronal CT shows pneumatization
extending into the Lt. greater wing of sphenoid and inferiorly
into the Lt. pterygoid process as well as both optic strusts (lesser
wing). Dashed Lt. VR line extends from left vidian canal to left
foramen rotundum. Rt. sided deviation of the sphenoid septum is
seen.
Fig. 10 MRI, sagittal T1WI of the sphenoid and sellar region
shows presellar pneumatization with empty sella.
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of the optic nerves at their entry into the optic canals in
pneumatized and non-pneumatized ACP was not signiﬁcant
as well, suggesting that the sphenoid body and ACP pneumati-
zation do not affect the position of the optic canals and
also that was in agreement with our results. However, the
recognition of the extension of pneumatization through the
optico-carotid recess and optic strut into the ACP and the clo-
sure of the pneumatized clinoid after clinoidectomy are
necessary steps in avoiding CSF leak and this was achieved in
our study (Figs. 1–15).
The lateral type of extension was found in 46 cases (29.5%).
The greater wing type, which extends only into the greater
wings, was found in (5.1%), pterygoid type, which extends intothe pterygoid process only, in 18% and full lateral type, which
extends into both the greater wing and the pterygoid process,
in 6.4% of all the cases. The maximum lateral extension shows
the lateral wall of the sinus extends as far laterally as 17 mm
lateral to foramen rotundum (FR). There was a signiﬁcant dif-
ference between the right and left sides in the lateral extension,
whereas the left lateral extension was more common than the
Rt. One. The difference was highly signiﬁcant (p< 0.01).
The lateral edge of the sinus was positioned 2.2 mm medial
to the medial edge of foramen rotundum. On the left side
the lateral edge of the sinus to the lateral edge of foramen
rotundum ranged from 10 to 17 mm and on the Rt. side ranged
Fig. 11 MRI, sagittal post contrast T1WI of the sphenoid and
sellar region shows presellar pneumatization with enhanced
suprasellar macroadenoma.
Fig. 12 Axial CT show anterior type of sinus with antrolateral
protrusion extending anterior to the line crossing the sinus side of
sphenoid crest and forms an anterior recess facing the maxillary
sinus.
Fig. 13 Axial CT for different case show anterior type of sinus
with antrolateral extended pneumatization anterior to the line
crossing the sinus side of sphenoid crest and forms an anterior
recess facing the maxillary sinus.
Fig. 14 Coronal CT of the occipital type of clival recess extends
inferiorly below the horizontal plane, crossing the upper edge of
the anterior opening of the paired vidian canals. Extended
pneumatization into the Rt. lesser wing is noted as well.
712 T.H. ELKammash et al.from 9.1 mm to 15.3 mm. In our study identiﬁcation of the lat-
eral type of extended pneumatization and its subtypes was of
great signiﬁcance Wang et al. (2) appreciated the value of
pre-operative diagnosis of the lateral type of sinus because
the middle cranial fossa lateral to the cavernous sinus may
be exposed after removal of the lateral wall of the sphenoid
sinus if the pneumatization extends laterally to the foramen
rotundum and foramen ovale. Another beneﬁt is that the junc-
tion of the anterior edge of the lateral pterygoid plate and the
greater wing of sphenoid serves as a point of entry to the mid-
dle cranial fossa thus avoiding manipulation of the pterygopal-
atine fossa contents. The greater wing type will facilitate this
approach by providing a thinner bony covering and easier
identiﬁcation of the mandibular nerve, which is at risk of being
injured (24,31).The relationship between the posterior sinus wall, formed
by the part of the clivus between the dorsum sella and basilar
part of the occipital bone, and the pituitary fossa was exam-
ined on MRI sagittal images and available CT sagittal images.
A clival type sinus was identiﬁed as being present when a clival
recess extended beyond the vertical coronal plane of the pos-
terior wall of the pituitary fossa (32). Three types of clival
recesses were found, the dorsum type, which extends above
the horizontal plane of the ﬂoor of the pituitary and into the
dorsum sella, the subdorsum type, which lies between the hor-
izontal plane of the ﬂoor of the pituitary fossa and the hori-
zontal plane passing through the anterior opening of the
vidian canals, and the occipital type which extends inferiorly
below the horizontal plane crossing the anterior opening of
the paired vidian canals (2). Some authors reported that the
Fig. 15 Sagittal reconstructed CT image shows extended pneu-
matization into the clival recess.
Variability in sphenoid sinus pneumatization 713sphenoid sinus never extends into the occipital bone (33,34)
whereas others found that extension into the occipital bone
is seen infrequently (19,21). In our study 33 patients show cli-
val type sinuses. 7% were of dorsum type, 4% of subdorsum
type and 3. 5% were occipital typed. Combined dorsum-occip-
ital type was seen in 5.7% of all cases. We approached 5 cases
of clival chordoma through the sphenoid sinus for biopsy in 3
cases and subtotal excision in 2 cases and we approached them
through transnasal transsphenoidal route and this was in
agreement with Wang et al. (2) who determined the impor-
tance of clival types of sinuses as the most suitable type for
transnasal inlet into the posterior cranial fossa because of
the thinner clivus.
5. Conclusion
The outcome of a transsphenoidal operative procedure depends
largely on the surgeon’s adherence to certain anatomic and sur-
gical principles as different anatomical conﬁgurations of the
sphenoid sinus can seriously affect the access to the sella and
nearby skull base structures via the nose. Pre intervention,
assessment of different types of extension of sphenoid sinus
pneumatization is mandatory to avoid injury of the nearby
structures and reduce the possibility of CSF leakage.
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